In the present work, Co 0.5 Mg 0.5 Fe 2 O 4 /Ba 0.85 Sr 0.15 TiO 3 (CMFO/BST) composite ceramics with different molar ratios (1:1, 1:2, 1:4, 1:6 and 1:8) were prepared by sol-gel method and sintered at 1150°C. The effects of molar ratio on the structure, dielectric and multiferroic properties were comparatively studied. The results indicate that all the synthesized composites mainly show bi-phase structure except slight presence of impurity phases. The surface of the specimens is relatively dense and the mean grain size is about 2 µm. It decreases at first and then increases with the increased molar ratio. The dielectric constant shows decreased trend with increasing the molar ratio, while the dielectric loss presents the opposite behaviour. With the increase of molar ratio, the height of the relaxation peak decreases while the peak position shifts to higher temperature range. The relaxation peak evolves gradually from one to two peaks. The residual polarization increases with voltage but decreases with frequency. The maximal polarization of 1.28 µC/cm 2 is obtained in the specimen with the molar ratio of 1:8, due to the largest concentration of ferroelectric phase BST. The magnetization shows abnormal behaviour with the change in molar ratio. The largest saturation and remnant magnetization are 20.89 and 12.66 emu/g, respectively when the molar ratio is 1:2 due to the stronger interface interaction effect between the two phases.
I. Introduction
Multiferroic material is a new kind of functional material which can show magnetic and ferroelectric properties simultaneously [1] [2] [3] . In the past several decades, multiferroic materials have attracted great attention not only due to their intriguing physical properties, but also because of their potential applications in sensor, capacitor, information storage, energy harvesting, spintronics etc. [4] [5] [6] . Especially, the magnetic properties in these caiwei_cqu@163.com (W. Cai) materials can be regulated by external electric field and the ferroelectric properties can be tuned by magnetic as well. This phenomenon is usually called magnetoelectric (ME) effect. Significantly, multiferroics could lead to a new generation of memory devices that can be electrically written and magnetically read [7] . Strong ME effect at room temperature of multiferroic materials is the precondition of making these applications come true. However, this is limited in the single phase multiferroic materials, since the Curie temperature of the magnetic and (or) ferroelectric order is always far below room temperature. Due to BiFO 3 having high both the Curie temperature (∼1100 K) and Neel temperature (∼640 K) [8] [9] [10] , a very few room temperature single phase multiferroic materials are known so far. The ME effect is still very weak because of the G-type antiferromagnetic ordering in bismuth ferrite and the serious leakage current induced by impurities and defects such as oxygen vacancies [11] [12] [13] . As a consequence, it is an important challenge to improve the ME effect from the practical application point of view.
Fortunately, this challenge may be overcome in biphase magnetoelectric composite, which is generally composed of room temperature magnetic material and ferroelectric material. In composite multiferroic materials, the magnetic and ferroelectric phases can respectively play their individual role and thus the limitation of the Curie temperature in single phase materials is non-existent. A well accepted coupling mechanism of composite multiferroic material is the interface interaction between the two phases, i.e. the result of magnetostriction and piezoelectric effect [14] [15] [16] . It is easy to speculate from the coupling mechanism that the ME effect in composite multiferroics depends strongly on the respective performance of the magnetic and ferroelectric phase. Up to now, many magnetic phases have been combined with various kinds of ferroelectric phases. For example, Fe 3 O 4 , MFe 2 O 4 (M = Mg, Ca, Mn, Co, Ni, Cu, Zn, etc.) and (La,Ca)MnO 3 are usually chosen as the magnetic phase while BiFeO 3 , (Ba,Sr)TiO 3 , Ba(Zr,Ti)O 3 and Pb(Zr,Ti)O 3 have been used as the ferroelectric phase [17] [18] [19] [20] [21] .
It should be pointed out that in addition to the intrinsic properties of the magnetic/ferroelectric phase, other factors, such as the molar ratio between the two phases, the grain size, the connective style as well as the dimensions have important effect on the ME behaviour [22] [23] [24] . Among them, molar ratio is one of the most important elements because it can determine the contact area between the two phases. In addition, proper molar ratio is able to balance the overall magnetic and ferroelectric performance and as a result excellent multiferroic properties may be obtained. Therefore, it is of great importance and significance to investigate how the molar ratio affects the multiferroic properties of magnetoelectric composites.
Herein, by using sol-gel method, we prepared Co 0.5 Mg 0.5 Fe 2 O 4 /Ba 0.85 Sr 0.15 TiO 3 (CMFO/BST) magnetoelectric composite ceramics and the effect of molar ratio (1:1, 1:2, 1:4, 1:6 and 1:8) on the dielectric, ferroelectric and magnetic properties have been investigated systematically. Therein, CMFO was chosen as the magnetic phase because of its preferable magnetization, chemical stability and better insulating properties, while BST presents superior ferroelectric properties and excellent dielectric properties especially the low dielectric loss.
II. Experimental procedure

Materials
All the raw materials used in this study were purchased from Sinopharm Chemical Regent Bei- 
Synthesis of CMFO and BST particles
(CH 2 OH) 2 and CH 3 COOH were mixed with the volume ratio of 4 : 1. Then Co(CH 3 COO) 2 was dissolved in the mixed solvent with constant stirring and then heated at 70°C for 30 min to make sure that Co(CH 3 COO) 2 could be dissolved completely, thus Co precursor solution was formed. Next, Mg(CH 3 COO) 2 and Fe(CH 3 COO) 3 were mixed with Co precursor solution. The pH of the mixed solution was adjusted to be ∼4-5 by adding HOCH 2 CH 2 NH 2 . Then CH 3 COCH 2 COCH 3 was added to control the hydrolysis rate. The concentration of the precursors in the solution was kept at ∼0.3 mol/l by adjusting the amount of C 4 H 10 O 2 . Finally, the solution was heated at 90°C and continuously stirred, resulting in the xerogel of CMFO, followed by a heat treatment at 800°C to burn out the organic solvent and form CMFO particles.
The BST particles can be prepared in a similar way. To prepare BST precursor solution, Ba(CH 3 COO) 2 , Sr(CH 3 COO) 2 and TiC 12 H 28 O 4 were used as raw materials. Acetic acid and 2-ethoxyethanol were used as solvents. First, Ba(CH 3 COO) 2 and Sr(CH 3 COO) 2 were dissolved in 2-ethoxyethanol and acetic acid mixture (the volume ratio of 2-ethoxyethanol to acetic acid was 4 : 1) to form the Ba and Sr precursor solution. The mixture was stirred constantly, heated to 70°C and maintained for 30 min to ensure that Ba(CH 3 COO) 2 was dissolved completely. The Ti precursor solution was synthesized in a similar way. Next, Ba, Sr and Ti precursor solutions were mixed and stirred constantly for 30 min to form the BST precursor solution. The pH of the precursor solution was adjusted to 3 by adding ethanolamine (99.0% purity, Chengdu Kelong Chemical Reagent Factory). Then, acetylacetone was added to the solution to control the hydrolysis rate. The concentration of the precursor solution was subsequently adjusted to be 0.3 mol/l by adding a certain amount of 2ethoxyethanol. Lastly, the mixture was heated at 90°C. The obtained gel was heated at 400°C to burn out the organic solvent, and then the calcined powders were ground for 8 h.
Fabrication of CMFO/BST composite ceramics
All particles weighted with various molar ratios (1:1, 1:2, 1:4, 1:6 and 1:8) were mixed with distilled water and then ball milled for 8 h. The obtained slurries were dried and then fired at 850°C for 8 h, subsequently, the calcined powders were ground again for 8 h. The powder mixture was added into polyvinyl alcohol (PVA) solution. The concentration of PVA was 15% and the weight ratio between PVA and the composite particles was 8 : 100. Finally, the treated composite powders were pressed at 15 MPa into 1 mm thick pellets with the diameter of 10 mm. The slices were sintered at 1150°C for 4 h. Both sides of the sintered pellets were polished and a thin layer of silver was pasted on both sides and calcined at 500°C for 30 min.
Characterization
The crystal structures of the prepared samples were analysed by X-ray diffraction (XRD, D/max 2500, Rigaku, Japan) using Cu-Kα radiation (λ = 1.5406 Å). Scanning electron microscope (FE-SEM, JSM-7800F, JEOL, Japan) was used to observe the morphology. The dielectric properties were determined by using a LCR instrument analyser (HP4980A, Agilent, USA) combined with a high temperature system (TZDM-RT-1000, China). The dielectric constant was calculated according to the following equation:
where ε r is the relative dielectric constant, C is the capacitance, d is the thickness, ε 0 is the vacuum dielectric constant (8.85 × 10 −12 F/m), and S is the effective electrode area on the sample. The ferroelectric hysteresis loops were measured by ferroelectric test system (TF2000, aix-ACCT Inc., Germany). Magnetic hysteresis (M-H) loop measurements were carried out by using a vibrating sample magnetometer (VSM).
III. Results and discussion
Structural characterization
The X-ray diffraction patterns of the CMFO/BST composite ceramics are shown in Fig. 1 . It is evident from the XRD patterns that all diffraction peaks of ferrite and ferroelectric phases emerge in the composite systems. The diffraction peaks 100, 110, 111, 200, 210, 211, 220 and 310 belong to the perovskite type tetragonal structure of BST with space group P4mm (JCPDS No. 05-0626), while the remaining peaks (220, 311, 400, 511, 440 and 331) originate from of the CMFO phase with cubic symmetry and space group Fd3m (JCPDS No. . It is very clear that although the main diffraction peaks could be marked as CMFO and BST, some impurity peaks can be observed near 33°and 47°. Further analysis shows that the secondary phase is indexed as BaFe 12 O 19 , indicating minor chemical reaction between CMFO and BST phases in the composite samples. In addition, the relative height of BST diffraction peaks increases with the molar ratio while the peak intensity of CMFO reduces, signifying the variation of the relative content of the two phases.
To comparatively investigate the surface morphology of the prepared CMFO/BST composite ceramics with different molar ratios, their SEM images were analysed, as shown in Fig. 2 . It can be seen that all samples show relative dense surface structure and the gains are most sphere-like, while the grain size is non-uniform. The average grain sizes calculated by the software Nano Measurer are 1.27, 1.16, 1.03, 1.01 and 1.17 µm (for the molar ratios 1:1, 1:2, 1:4, 1:6 and 1:8, respectively), which decreases first and then increases with the increase of molar ratio. Generally, the appropriate sintering temperature of CMFO is lower than that of BST, therefore, the sintering temperature (1150°C) for these composites may be higher than that of appropriate sintering temperature of CMFO. The consequence is over-burning of CMFO phase. Hence, when the concentration of CMFO is high, over-burnt ceramics was generated, Fig. 2a , and thus for CMFO grains are the biggest due to too high sintering temperature. With the increase of BST content, the degree of over-burning was restrained, thus smaller grains are obtained. Furthermore, because the sintering temperature of BST is higher than that of CMFO, the addition of BST into CMFO can enhance the optimal sintering temperature of CMFO. Therefore the desired sintering temperature was increased with increasing the concentration of BST, thus the grain size decreases with the molar ratio. When the molar ratio is very high (1:8), the effect of CMFO on the sintering temperature of BST is too weak, thus bigger grain size can be found. Another important factor is that the grain size of BST ceramics is usually very large [19, 22] , higher content of BST will result in bigger grain size. In addition, the density also decreases and then increases with the molar ratio, indicating the regulating effect of molar ratio on the shape, density and grain size of the magneto-composite ceramics. Particularly, the density is relatively poor when the molar ratios are 1:4 and 1:6. To directly show the density of the prepared ceramics with different molar ratios, Archimedes principle was applied. When the molar ratios are 1:1, 1:2, 1:4, 1:6 and 1:8, the corresponding densities of the samples are 5.271, 5.267, 5.325, 5.371 and 5.450 g/cm 3 , respectively. The relative density was calculated using the ratio of the measured density to the theoretical density. This slight enhancement of the density can be ascribed to the increased compactness resulting from the large grain size and less pores in the samples. The relative densities of the CMFO/BST composite ceramics were 91.8%, 93.7%, 91.4%, 93.2% and 92.3%, and the corresponding porosities were 8.2%, 6.3%, 8.6%, 6.8% and 7.7%, when the molar ratios are 1:1, 1:2, 1:4, 1:6 and 1:8, respectively.
Furthermore, many pores can be observed. This may be the consequence of different optimal sintering parameters between two phases. The pores could be formed during the fast volatilization and violent combustion of PVA adhesives at high temperature, or due to insufficient adhesion of these adhesives. In addition to the influence of PVA, the preforming duration, preforming pressure and powder particle size played significant roles in the formation of pores. Lastly, the grain boundary between the two phases in the composites increased with the decrease of particle size, because only slight chemical reaction occurred between the magnetic and ferroelectric phases. Moreover, the grain growth was inhibited in the ME structure, and thus more pores could be induced, which, in turn, affect the properties of the samples.
Dielectric properties
The frequency dependent relative dielectric constant (ε r ) and dielectric loss (tan δ) of the CMFO/BST com- Fig. 3 . With the frequency increase, the dielectric constants of all the prepared composite ceramics decrease at first and then they become saturated in the high frequency range, as shown in Fig. 3a . These results can be attributed to various polarization mechanisms at different frequencies. In general, the polarization mechanisms in dielectric materials include displacement polarization and relaxation polarization [25] . The polarization time of displacement polarization, including electronic and ionic displacement polarization, is very short, roughly in the order of 10 −13 s. In contrast, the polarization time of relaxation polarization, including dipole turning direction, interface, space charge thermal ion relaxation polarization, is relatively longer, which ranges from microsecond to several seconds. When the frequency is low, for example, f < 1 kHz (t > 10 −3 s), almost all the polarization processes can be generated because the polarization times of all polarization mechanism may be smaller than the period of field change. Thus, all polarization mechanisms contribute to the dielectric constant and larger dielectric constant is produced. In contrast, with the increase of frequency, relaxation polarization cannot be evidenced. When the frequency is high (∼10 5 Hz), only the displacement polarization can keep pace with the frequency. In that case, the dielectric constant is mainly contributed by the displacement polarization and thus smaller dielectric constant can be obtained. Nevertheless, it can be seen that the dielectric constant decreases rapidly when the molar ratio is 1:4 and 1:8, while that of other samples declines slowly in the low frequency range. This indicates that the specimens with molar ratios of 1:1, 1:2 and 1:6 show better frequency stability. In the higher frequency range, the dielectric constant of the sample with the molar ratio 1:4 is the maximal while the value is the smallest when the molar ratio is 1:1, as depicted i Fig. 3a . This different variation of dielectric constant with frequency is attributed to the polarization mechanism. The different rate of decrease with frequency indicates that relaxation polarization may be the main polarization mechanism when the molar ratio is 1:4 and 1:8, demonstrating that in these samples more interface charges, dipoles, thermal ions and space charges may exist. These charges may come from the grain boundaries, impurities and pores. More grain boundaries, impurities and pores would induce more charges. Although the grain size and shape can result in different grain boundaries, these differences in all the prepared samples are not that distinct according to the SEM images shown in Fig. 2 . Thus, other factors such as oxygen vacancies may be the reason inducing the relaxation polarization.
It is noted from Fig. 3b that the dielectric loss decreases monotonically with increasing frequency, while the decreased trend becomes relatively slow in the high frequency range. The differences between losses in the low frequency range are very obvious while they are unnoticeable when the frequency is high. The sample with the molar ratio of 1:1 shows the highest loss in the low frequency range compared with other samples. This frequency dependent loss is also connected with loss mechanism. The dielectric loss in general includes three parts: the relaxation loss, conduction loss and resonance loss. The relaxation loss is induced by the relaxation polarization, when the polarization process cannot catch up with the speed of external field, loss will be generated. Therefore, the relaxation loss can often happen in the high frequency range. The conduction loss is the result of the conductivity of sample because all samples are not ideal insulators. Obviously, impurities, point defects such as oxygen vacancies, other line and planar defects generated at the grain boundary or phase boundary can give rise to conductance. The third loss is the resonance loss which occurs when the frequency is very high (∼10 13 Hz or more), the vibration of electrons, atoms and molecules will generate heat and result in resonance absorption. With regard to the results shown in Fig. 3b , we can attribute the large loss of the sample (1:1) to the conduction loss because the volume fraction of the magnetic phase is the largest while the conductiv- ity of CMFO is far higher than that of BST. In addition, when the molar ratio is 1:1, more phase boundaries can be produced and thus more defects can be caused, which in turn gives rise to larger conductivity and dielectric loss.
Figures 4 and 5 describe the temperature (from room temperature to 500°C) dependence of the dielectric constant and dielectric loss of the CMFO/BST composite ceramics measured at selected frequencies (1 kHz, 10 kHz, 100 kHz, 1 MHz and 2 MHz). It can be seen that the dielectric constant shows non-monotonic variation with the temperature. When the molar ratio is 1:1, a peak can be observed near 300°C, as shown in Fig. 4a . This temperature may be related with the Curie temperature of CMFO. However, with the increase in frequency, the peak position shifts to higher temperature range and becomes more indistinct while the peak strength declines. Another possible reason for the peak shifting could be the slow polarization due to the frequency and temperature dependence. When the temperature is higher than the corresponding value of the peak, the dielectric constant increases again. This increased dielectric constant may be the result of electron increase in conduction band because more and more electrons L. Bai et al. / Processing and Application of Ceramics 13 [3] (2019) 257-268 can jump from the valence band to the conduction band with the temperature rise. Correspondingly, a loss peak can also be found near 150°C at 1 kHz, and this temperature increases to about 350°C when the frequency is 2 MHz. This loss peak may be ascribed to relaxation loss induced by relaxation polarization. However, in the high temperature range (300-400°C), no peak can be observed, as shown in Fig. 5a . When the temperature is larger than 300°C, the dielectric loss rapidly increases with temperature. This significant increase of loss is caused by the increased electronic contribution. More electrons will induce larger conductivity and thus increase of loss can be generated.
Similarly, when the molar ratio is 1:2, a dielectric peak can also be found and it is more distinct, as depicted in Fig. 4b . The peak at the frequency of 1 kHz is near 330°C, which is slightly lower than that of the sample 1:1, indicating that the concentration of CMFO or BST can tune the relaxation process. The peak value decreases with the increase of frequency, while the peak position shifts with the frequency increasing, as shown by arrow. When the frequency is higher than 10 kHz, no peaks can be observed. This may be because the temperature corresponding to the peak position might be higher than the measuring temperature, i.e. 500°C. Generally speaking, the dielectric peak is related to relaxation polarization or phase transition process. If it is attributed to the transition temperature of CMFO, the peak should be more apparent with increasing the content of CMFO phase in the composites. However, it can be seen that the peak becomes more distinct with increase of molar ratio, i.e. with decrease of CMFO concentration. Therefore, the dielectric peak can be ascribed to the relaxation polarization. In addition, the dielectric constant for the sample with 1:2 molar ratio increases 10 times compared to the specimen with the molar ratio 1:1. For example, the dielectric constant of the sample with the molar ratio 1:1 is about 90 at 300°C ( f = 1 kHz), while for the molar ratio 1:2, it increases to more than 1200 at the same conditions. As it has been mentioned above, this large dielectric constant can be attributed to the space charges. Another factor that contributes to the larger dielectric constant is the ferroelectric phase BST, which shows high dielectric constant. Although the dielectric constant has been increased more than 10 times, the dielectric loss is obviously smaller than that of the sample 1:1, as presented in Fig. 5b . This smaller loss is the result of the decreased number of electrons in the conduction band because these electrons mainly come from the CMFO component due to its smaller band gap compared with that of BST. With the increase of molar ratio, i.e. the content of CMFO decreases, smaller number of electrons in the conduction band will be induced, thus smaller loss was generated. Although the space charges can induce dielectric loss, the impact is minor compared with the above mentioned effect, especially in the high temperature range.
When the molar ratio is 1:4, both the dielectric con-stant and loss increase slightly compared with that of the sample 1:2, as shown in Figs. 4c and 5c . When the frequency is 1 kHz, two dielectric peaks can be observed. The first peak is near 300°C while the higher temperature peak is at about 350°C. The peak maxima is larger than 1800 at 1 kHz, which is higher than samples 1:1 and 1:2. When the frequency is larger than 1 kHz, the two peaks were transformed into one peak. Though it is not sure what is it made of, it may be related to the relaxation polarization. It can be seen from the SEM images that the pore content is the largest when the molar ratio is 1:4. Therefore, more defects and space charges may be generated and thus relaxation polarization is induced. Slightly increased dielectric constant and loss may be induced by the increased space charges of electrons which were caused by impurities and defects. When the molar ratio is 1:6, both the dielectric constant and loss decrease, and the peak near 300°C at the frequency 1 kHz disappeared, as presented in Fig. 4d . However, the peak position at the frequency of 10 kHz is below 300°C. It is found that the peak position decreases with molar ratio on the whole. Interestingly, a loss peak can be observed between 150 to 300°C when the molar ratio is 1:6, as illustrated in Fig.  5d . The peak position decreases with increasing the test frequency. The peak value and loss of the sample 1:6 are smaller than for other specimens (1:1, 1:2 and 1:4) . The reduced dielectric constant and loss may be ascribed to the decreased space charges as a result of the increased content of BST. When the molar ratio is 1:8, the dielectric constant and loss decrease further, as shown in Figs. 4e and 5e. The reason coincided with that of the sample with molar ratio 1:6. What is different is that two dielectric peaks can be found. The first peak (as indicated by arrow) occurs at about 350°C and it is not obvious, while the second peak is at more than 400°C. These peaks are also related to the relaxation polarization process.
Ferroelectric properties
Room temperature polarization-electric field (P-E) curves of the CMFO/BST composite ceramics with different molar ratios were shown in Figs. 6 and 7. Both the residual polarization P r and the coercive field E c of all the samples increase with increasing the maximal applied voltage, as shown in Fig. 6 , indicating that more domains can be switched with increasing the voltage. The ever-increasing E c with applied maximal voltage can be attributed to the large intrinsic E i and the serious leakage current of the sample, which can deform the P-E curves. Moreover, P r and E c decrease with the increase of the measuring frequency, and the ferroelectric hysteresis loops become more and more slender, which can be observed in Fig. 7 . Actually, the decreased P r with the frequency is only a false appearance which is mostly caused by the leakage current of the sample.
In order to investigate the polarization more precisely, P-E curves of all the samples are presented with Generally speaking, the ferroelectric properties should increase with the content of BST in the prepared composite ceramics because CMFO is not ferroelectrics and thus the polarization is entirely contributed by the ferroelectric phase. The monotonic variation phenomenon may be induced by the interface interaction between the two phases or by the leakage current which is caused by the impurities, defects and so forth.
To elucidate whether the abnormal polarization can be affected by the leakage current, the current densityelectric field (J-E) curves of the composite ceramics are measured at room temperature and shown in Fig. 8b . The difference of the current is very distinct. When the molar ratio is 1:1, the current is at the minimum, while the maximal value can be obtained when the molar ratio is 1:2. This non-monotonic variation of the current with the molar ratio may result from the impurities and defects because the resistivity of BST is higher than that L. Bai et al. / Processing and Application of Ceramics 13 [3] (2019) 257-268 of CMFO. Therefore, with the increase of molar ratio, the current should decrease if there is no interface interaction and chemical reaction between the two phases and without other conditions being changed. As a consequence, we think the sample with the molar ratio of 1:6 seems to show the best ferroelectric properties when Figs. 8a and 8b are combined.
To deduct the contribution of leakage current to the measured polarization, PUND method was applied, as shown in Fig. 9 . It can be seen that all curves show perfect rectangular shape, indicating that all specimens have ferroelectric properties. Furthermore, the coercive field of all the samples is nearly the same, but the remnant polarization increases monotonically with the molar ratio. This behaviour is consistent with that predicted theoretically. When the molar ratios are 1:1, 1:2, 1:4, 1:6 and 1:8, the values of remnant polarization are 0.54, 0.70, 0.92, 1.04 and 1.28 µC/cm 2 , respectively.
Magnetic properties
In addition to the dielectric and ferroelectric properties, magnetic properties are also very important for the composite multiferroic materials. In order to evaluate the magnetic properties, room temperature magnetic It is very unusual to find that the highest values for both M s and M r can be obtained when the molar ratio is 1:2 and they are 20.89 and 12.66 emu/g, respectively. The minimal values of M s and M r are 4.53 and 2.29 emu/g, respectively, when the molar ratio is 1:8. When the molar ratio is 1:4, the maximal H c can be observed while the minimal value is acquired when the molar ratio is 1:8. Generally speaking, the magnetization of CMFO/BST composite ceramics is mainly contributed by CMFO because BST is non-magnetic and thus the magnetization should be proportional to the molar ratio, i.e. the content of CMFO if there is no interaction between the two phases. Therefore, the largest magnetization of the sample with the molar ratio of 1:2 can be attributed to the larger interface area between the two phases because the interface interaction should enhance with the increase of interface area.
In addition, the intrinsic saturation magnetization of CMFO in different samples may be different because the size and shape of the CMFO grains play an important role in changing the magnetization. As we have presented above that the size and shape of CMFO in the specimens are quite different, therefore, the effective saturation magnetization of CMFO in these samples should be different. However, in the light of present situation that the effective magnetization of CMFO shows anomalous behaviour, it does not matter if this phenomenon has been induced by the interface interaction or by the grain. It can be considered as a result of the effect of the BST ferroelectric phase on the CMFO magnetic phase in the composite ceramics, which could be considered as a coupling effect.
The highest coercive field of the sample 1:4 may be attributed to the coupling interaction between CMFO and BST, derived from the connective style. Another factor that can affect the coercive field may be the size effect. If the grain size of CMFO is large, the coercive field will increase correspondingly. The contribution of the surface anisotropy constant (K S ) can be described as [27] : 
